Abstract: Vitamin D3 shows tumoristatic and anticancer effects by acting through the vitamin D receptor (VDR), while hydroxylation of 25-hydroxyvitamin D3 at position 1α by CYP27B1 is an essential step in its activation. The expression of both the VDR and CYP27B1 has been found in many normal and cancer tissues, but there is a lack of information about its expression in human bladder cancers. The aim of the present research was to examine whether the expression of the VDR and CYP27B1 in bladder cancer was related to the prognostic markers and disease outcome. We analyzed VDR and CYP27B1 in samples of tumor and normal tissues obtained from 71 urinary bladder cancer patients. The highest VDR immunostaining was found in normal epithelium and was significantly lower in bladder cancer cells (p < 0.001 with Mann-Whitney U test). VDR expression was lowest in more advanced (pT2b-pT4) (p = 0.005 with Mann-Whitney U test) and metastasizing cancers (p < 0.05 and p = 0.004 with Mann-Whitney U test for nuclear and cytoplasmic VDR immunostaining, respectively). The lack of cytoplasmic and nuclear VDR was also related to shorter overall survival (for cytoplasmic VDR immunolocalization 13.3 vs. 55.3 months
Introduction
Urothelial bladder cancers are tumors with different biological behavior that depends on the depth of invasion [1] . Papillary tumors confined to the urothelium and tumors confined to the mucosa tend to exhibit a weak invasive tendency, whereas cancers infiltrating the deeper layers of the bladder wall (muscle-invasive bladder cancer; MIBC) show a high metastatic potential [1, 2] . MIBC is the fourth most common solid tumor type in men [3] . The basic treatment for MIBC is cystectomy and chemotherapy, and treatment modalities for these patients have not changed significantly in the past few decades. Radical cystectomy is an efficient treatment only for patients with localized MIBC who are lymph node negative, resulting on average in a 70% five-year disease-free survival [4] . In patients with more advanced primary tumors (>pT2) the DFS is shorter (about 50%) after radical cystectomy [4, 5] . Chemotherapy may be an optional adjuvant treatment, however, 40%-50% of MIBC patients are not eligible for cisplatin-based combination chemotherapy, because of renal dysfunction [5, 6] . Therefore, new, safer treatment modalities that would be suitable for a wider group of bladder cancer patients are needed.
Vitamin D undergoes sequential hydroxylations at C25 (by CYP2R1 and/or CYP27A1) and subsequent final hydroxylation at C1α mediated by CYP27B1 that produces its biologically active form 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) [7] . 1,25(OH)2D3 plays a crucial role in the regulation of calcium and phosphate homeostasis and bone mineralization [7] [8] [9] . In addition, vitamin D affects a broad range of cellular processes involved in the regulation of a variety of cellular functions including cell differentiation, DNA repair, apoptosis, metabolism, oxidative stress, and systemic body homeostasis [7] [8] [9] . Decreased vitamin D level, expression of the vitamin D receptor (VDR), and deregulation of the function of vitamin D-metabolizing enzymes are all related to serious diseases such as autoimmune diseases, neurologic disorders including schizophrenia, type 2 diabetes mellitus, increased mortality, multiple sclerosis, and others (reviewed in [8] [9] [10] [11] [12] [13] [14] [15] ). There is a growing body of evidence that the biology of human cancers is affected by vitamin D body endocrine status (reviewed in [8, 14] ). Similarly, disturbances of the expression of the VDR and enzymes regulating vitamin D activation (CYP27B1) and metabolism (CYP24A1) are linked to the aggressiveness and outcomes of some malignant tumors [16] [17] [18] [19] [20] . It was recently reported that vitamin D insufficiency is linked to a higher risk of cancer, including bladder cancer [21] [22] [23] [24] , and that the highest risk was found in smokers [22, 24] . Several experimental studies have shown that vitamin D and its derivatives have antitumorigenic potential [22, [25] [26] [27] [28] . Similarly, in cancer patients, vitamin D supplementation might improve cancer treatment and ameliorate cancer related side effects [29] [30] [31] .
There is a shortage of information about the expression of the VDR expression in relation to the clinical and pathomorphological features. Therefore, the aim of this study was to evaluate the relationship between expression of the VDR and CYP27B1 and prognostic markers (such as tumor advancement, presence of metastases, tumor grade, mitotic activity, non-classic differentiation) in urothelial bladder cancer and its clinical outcome.
Results

VDR and Bladder Cancer
The VDR was consistently expressed in normal epithelial cells with variable expression in urothelial bladder cancer cells. In all normal samples analyzed, the VDR was localized to the cell nuclei and/or cytoplasm. In malignant cells VDR was also found in cell nuclei and/or cytoplasm. However, a combined lack of nuclear and cytoplasmic VDR was seen in nine of 71 cancer patients (12.7%). The nuclear VDR was absent in nine (12.7%), and the cytoplasmic VDR was absent in 22 cases (31%). The VDR immunostaining in tumor samples differed from normal tissues only for nuclear staining with the highest VDR expression observed in normal epithelial cells ( Figure 1A ,D1,D2). Matched-pair analysis for nuclear localization of VDR also showed statistically higher expression in normal epithelial cells located 2 cm from the tumor (Wilcoxon matched-pairs signed rank test p = 0.04) and in normal epithelium located near (0.5-2.0 cm) the tumor (Wilcoxon matched-pairs signed rank test p = 0.0005) ( Figure 1C ). VDR expression was also analyzed in relation to the pathomorphological advancement and we found that the cytoplasmic VDR levels were higher in pTa-T2a tumors compared with samples from more advanced cancers (pT2b-pT4) ( Figure 1B) .
Next, we analyzed the VDR levels in relation to overall survival (OS) of urothelial bladder cancer patients (Table 1, Figure 2 ). The presence of the VDR in either nuclei or cytoplasm correlated with a significantly longer OS (Table 1, Figure 2 ). These differences were stronger for nuclear VDR ( Figure 2A , Table 1 Table 1 ). The detailed results of the overall survival analysis are presented in Table 1 . Longer overall survival was observed in both pTa-pT4 patients (Table 1) Similarly, both nuclear and cytoplasmic VDR immunostaining were also statistically significant as they relate to better prognosis after adjustment for age and sex, and for age, sex, and advancement ( Table 2) .
We also analyzed VDR expression in relation to the non-classic differentiations (NDs, defined in Experimental Section), which reflected the capacity for multidirectional differentiation and greater risk of metastatic disease and death. A lack of high cytoplasmic VDR expression level (evaluated as 2 or 3 arbitrary units [AU]) was related to a greater extent of NDs (Figure 3 ). 
CYP2B1 and Bladder Cancer
CYP27B1 expression was found both in cytoplasm of all normal epithelial cells and in 65 of 71 samples of urothelial bladder cancers (91.5%). CYP27B1 expression was significantly higher in the normal epithelium than in cancer cells ( Figure 5A ,B). However, CYP27B1 expression in bladder cancer did not correlate with pT stage, presence of metastasis, tumor grade, mitotic activity, and OS (not shown). In addition, there was no correlation between VDR and CYP27B1 immunostaining in bladder cancer. The summary of the results is presented in Table 3 . 
Discussion
In the present study, we analyzed the association between the immunohistochemically-evaluated VDR and CYP27B1 levels and clinical outcomes and tumor behavior. There was a significantly longer OS for tumors with higher VDR levels in both the cytoplasm and nuclei. A higher cytoplasmic VDR level was also found in noninvasive tumors and tumors that invaded the upper layers of the muscularis propria (pTa-pT2a) compared with more advanced lesions (pT2b-pT4). The presence of a high cytoplasmic VDR level was also observed in cancers with a smaller percentage of non-classic differentiations. Both cytoplasmic and nuclear VDR staining was significantly higher in bladder cancers that did not develop metastasis compared with those that metastasized. No relationship between VDR expression and histological markers of malignancy such as a histological grade and mitotic activity was observed. The reduced expression of CYP27B1 was found in tumor cells, but its expression did not correlate with pT stage, presence of metastasis, tumor grade, mitotic activity or OS.
Previously we have observed a positive association between low VDR expression and increasing tumor stage in cutaneous melanomas (Breslow thickness, Clark level, pTNM stage, overall stage, and presence of negative prognostic markers) with lack of or low VDR expression determining poorer prognosis [19, 32] . A similar relationship was found for CYP27B1 expression in melanomas and ovarian cancers [18, 33] . Although in the present study we did not find a linear correlation between VDR level and increasing pT advancement, the differences in VDR levels between bladder cancers subgrouped as pTa-pT2a and pT2b-pT4 evidenced negative correlation between tumor progression and VDR expression. Therefore, we suggest that crossing of the deeper layers of the muscularis propria by bladder cancer cells and acquisition of metastatic potential are linked to a loss or significant reduction of VDR expression. This hypothesis is supported by the observation of lower VDR levels in metastasizing bladder cancers.
VDR belongs to a superfamily of nuclear receptors. However, in previous [19, 32] and present studies we observed both nuclear and cytoplasmic VDR immunostaining. Correspondingly, in other non-malignant and malignant tissues similar VDR immunolocalization was found [33] [34] [35] . Such localization is consistent with function of VDR, which after binding 1,25(OH)2D3 in the cytoplasm, heterodimerizes with retinoic acid X receptor and is translocated to the nucleus [7] .
In the tested bladder cancer samples, VDR expression was not related to several defined histological markers of malignancy such as mitotic activity or histological grade, whereas the presence of VDR in bladder cancer cells was related to longer OS. This suggests that the association between the expression of the VDR and bladder tumor biology is complex. Since vitamin D is a positive regulator of VDR expression [36, 37] , we cannot exclude the possibility that the VDR levels in bladder cancer cells are related to and/or regulated by the local and systemic vitamin D levels. Thus, the lower VDR expression could reflect vitamin D insufficiency, which led to poor outcomes in these bladder cancer patients. This concept seems to be supported by recent reports showing that vitamin D status determines surgical outcomes, and suggest that vitamin D supplementation may help to improve patient safety at the time of surgery (e.g., by reducing in-hospital mortality/morbidity, serious infections, and serious cardiovascular events) as it was observed after transplantations, cardiac, non-cardiac, orthopedic surgeries, and other procedures [38, 39] ). However, lack of correlation between CYP27B1 expression, a required step of vitamin D activation, and tumor progression and OS raises additional possibilities. Recently new alternative pathways of vitamin D3 activation by CYP11A1 were discovered producing vitamin D3 hydroxyderivatives [40] [41] [42] [43] that do not require C1α-hydroxylation for their biological activity [40, 44, 45] . Thus, the significant effects of VDR expression on survival and metastatic potential observed in our study could represent a combined activity of several active vitamin D metabolites independent of CYP27B1, in addition to 1,25(OH)2D3, which requires CYP27B1 activity.
One of the first report related to VDR immunostaining in urinary bladder cancers was published by Sahin et al. [46] . However authors analyzed only superficial tumors. In our study we included both superficial and invasive tumors. Additionally, we analyzed VDR immunostaining in relation to prognostic factors such as tumor advancement, mitotic activity and most importantly we related the findings to the overall survival time. We also applied different methods of VDR immunostaining assessment.
Zhou et al. [47] observed diverse expression of VDR in esophageal adenocarcinomas and squamous cell cancers, with higher expression in the former. In the adenocarcinomas authors found no relationship between VDR expression and tumor stage, metastases and survival. However, it could not be excluded that these differences in VDR protein level were affected by histological origin of cancer cells. In urothelial bladder cancers, the capacity for multidirectional differentiation as determined by the NDs is accompanied by greater tumor malignancy and the ability of a tumor to metastasize [48] [49] [50] . In the present study, a significant reduction in VDR level was found in cancers with wider extension of NDs. This correlation suggests that disturbances of VDR expression might affect bladder cancer cell differentiation and that a lack of or decrease in VDR expression may make these cells unresponsive to the antitumorigenic action of active forms of vitamin D.
Population-based studies revealed an importance of VDR gene polymorphism in cancer biology and that selected VDR polymorphism altered susceptibility and prognosis of different tumors [51] . The studies of VDR polymorphism in urinary bladder cancers are sparse. Very recently published report showed that rs731236 variant of the VDR showed a protective effect for male lower urinary tract symptoms [52] . Increased risk for bladder cancers seems to be associated with Fok-I VDR polymorphism [53] . Although we did not study VDR gene polymorphism, our study on correlation between VDR protein expression and tumor behavior are consistent with the above reports and together indicate a protective role for proper VDR signaling against oncogenesis or tumor progression. Renal dysfunction, including insufficient glomerular filtration rate is the condition excluding the possibility of adjuvant cisplatin-based combination chemotherapy of urinary bladder cancer patients [5, 6] . Renal diseases can affect vitamin D activation, since the second step of vitamin D hydroxylation catalyzed by CYP27B1 takes place in kidney cells [7] and could decrease the usefulness vitamin D supplementation in cancer patients. However a number of other tissues also express the CYP27B1 enzyme, including bladder and skin cells [54] , which could compensate the insufficient activation of 25(OH)D3 due to renal impairment.
Additionally, some studies indicate that smooth muscle cells of urinary bladders are sensitive to the action of VDR agonist regulating its anti-inflammatory properties [55, 56] . Thus, vitamin D-based treatment could have broader effects, which are not solely limited to treatment of urinary bladder cancer. The effects of vitamin D on bladder cancer can be determined by biological properties of cancer cells as was observed by Ma et al. [57] , and mediated by regulation of miRNA, differentially-regulated by vitamin D in metastatic and nonmetastatic bladder cancer cells [57] .
Our studies represent the retrospective immunostaining analyses in routine, formalin-fixed paraffin-embedded material from a relatively small patient cohort with urinary bladder cancer (71 patients). Therefore, further validations on independent and larger population of patients with urinary bladder cancer are needed. However, our analysis of VDR and CYP27B1 immunostaining in urinary bladder cancers is very comprehensive and clinically significant, because of inclusion of data on overall survival time, which also correlated with histological parameters. Into this study we qualified patients with both superficial and invasive tumors, and the basic criterion of qualification was the availability of material (cystectomy, histologically diagnosed tumor, representative tumor mass in the tissue section). No other clinical or pathomorphological features were considered at this step. In the future we plan to perform prospective study on vitamin D serum level, VDR polymorphisms and epigenetic regulation of VDR and CYP27B1 expression in in patients with bladder cancer.
Considering our results and published data, we propose that vitamin D may act as an adjuvant in bladder cancer treatment. This hypothesis is consistent with the studies by Zeichner et al. [31] , who observed improved DFS in HER-positive non-metastatic breast cancer patients who received vitamin D supplementation. Thus routine anticancer therapy with systemic application of vitamin D3 or transurethral application of active forms of vitamin D3 could be an efficient mode of action resulting in the longer survival of VDR-positive bladder cancer patients. In the next step of qualification, patients without tumor in resected urinary bladder or with insufficient tumor presence in blocks after diagnostic procedures were excluded. Finally seventy-one patients (mean age 64.7 years, range 47.2-83.8 years) were included in this study. The characteristic of the patients recruited to this study are presented in Table 4 . The clinical-pathomorphological data were obtained from the electronic database of the Oncology Center, Bydgoszcz, Poland. The dates of deaths were obtained from the Department of Registry Office in Bydgoszcz, Poland, and from the Polish National Cancer Registry. Information concerning the age, gender, date of diagnosis, survival or the date of death were available for each patient included into this study. The survival time was calculated based on date of pathomorphological diagnosis of bladder cancer and the date of death or the end of observation. The patients who did not die were censored. The mean follow up time was 46.7 months, and the mean survival time was 35.5 months.
Experimental Section
Patients and Pathological Morphological Assessment
Pathological assessment (p) of primary tumors advancement (T) was performed according to World Health Organization (WHO) Classification of Malignant Tumors [1] : pTa: papillary tumor extent confined to urothelium, pTis: non-papillary tumor extent confined to urothelium, pT1: tumor extent confined to mucosa, pT2a: tumor invades superficial muscularis propria (inner half), pT2b: tumor invades deep muscularis propria (outer half), pT3: tumor invades perivesical fat, and pT4: tumor invades perivesical organs. Histological maturity (grade) was evaluated according to WHO TNM Classification of Malignant Tumors [1] as follows: low grade of histological maturity was classified as high-grade tumors and high level of histological differentiation as low-grade tumors. Mitotic activity was assessed by counting mitosis in tumor cells per 1000 tumor cells.
The presence of pathomorphologically confirmed tumors other than bladder cancer (colorectal and prostate cancers and lymphoma) was also recorded.
From each patients' resected urinary bladder tissue the tissue block with representative tumor presentation was selected. In addition, normal samples (n = 12), with representative normal epithelium, that were localized more than 2 cm from the tumor and collected separately from tumor samples during routine histological procedures, were included. Nine of 12 normal samples were paired with tumor samples included in these analyses. Furthermore, normal epithelial cells that were present in the same section as tumor cells and were localized 0.5-2 cm from the tumor were defined as normal epithelium near tumor and analyzed in relation to VDR immunostaining (n = 29).
The qualification of cases as metastatic or non-metastatic was based on pathomorphological assessment of tumor cells presence in lymph nodes or other organs. 
Immunohistochemical Staining and Evaluation of the VDR
The VDR was detected using immunohistochemistry as previously described [19, 32] . Briefly, standard formalin-fixed, paraffin-embedded 4 μm sections were incubated overnight with rat anti-VDR antibody (clone 97A; Abcam Inc., Cambridge, MA, USA), after which the sections were stained with anti-rat secondary antibody conjugated with alkaline phosphatase (Vector Laboratories Inc., Burlingame, CA, USA). The sections were then incubated with red alkaline phosphatase substrate and mounted in an aqueous medium (Dako, Glostrup, Denmark).
CYP27B1 was detected as previously described [18, 33] . Briefly, rabbit anti-CYP27B1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a dilution of 1:75 was applied, and the samples were incubated overnight at 4 °C with anti-CYP27B1 antibody. This was followed by staining with horseradish peroxidase (HRP)-labeled anti-rabbit antibody, 3,3′-diaminobenzidine (Envision System HRP-Labeled Polymer Anti-Mouse; Dako, Glostrup, Denmark), and hematoxylin counterstaining.
Evaluation of immunostained sections was performed by two independent observers (Wojciech Jóźwicki and Anna A. Brożyna) in a blind manner without knowing the histopathological diagnosis, pathomorphological features, and other clinical data. The cytoplasmic and nuclear VDR and cytoplasmic CYP27B1 immunostaining intensity was scored semi-quantitatively (considering both staining intensity and percentage of cells using a four-point scale of zero to three arbitrary units (AU) as previously described [32, 33] ). Briefly, VDR staining intensity was evaluated with reference to intense reddish pink basal layer of normal skin epidermis, served as control, scored as strong (staining intensity three). Light reddish pink and light pink stained cells were scored as cells with moderate (staining intensity two) or weak (staining intensity one) VDR expression, correspondingly. The lack of staining was assessed as negative (staining intensity zero) ( Figure 6A,B) . CYP27B1 staining intensity was scored semi-quantitatively with zero as negative (zero), weak (one), moderate (two) and strong (three) (Figure 6C,D) . Staining intensity was evaluated with reference to immunostaining of normal skin epidermis, scored as strong, served as control. The semi-quantitative score were calculated according the following formula: SQ = mean(IR × SI)/100, where IR is the percentage of immunoreactive cells and SI is the staining intensity. Since in previous study [19, 32] we found immunohistochemical localization of VDR both in cell nuclei and cytoplasm, in this study we also assessed nuclear and cytoplasmic VDR staining in normal and tumor epithelial cells. We evaluated cytoplasmic and nuclear VDR staining separately. Additionally, combined data representing either nuclear or cytoplasmic VDR expression was used for the analysis of overall survival time. VDR and CYP27B1 was analyzed with a continuous measure of staining intensity and dichotomized by "absent" or "present", as defined above.
VDR and CYP27B1 staining was analyzed in relation to the presence of prognostic markers such as tumor advancement, presence of metastases, tumor grade, mitotic activity, and clinical outcome evaluated as survival time.
Evaluation of the NDs
In routine hematoxylin and eosin-stained sections, the presence of a non-classic differentiations (NDs) was identified according to the histological classification of urinary tumors of the World Health Organization [1] . The percentage tissue displaying the non-classic differentiation pattern, which was defined as the average percentage of the surface of the whole neoplastic tissue displaying that pattern, was recorded for the sections of the tumors examined [46] .
Statistical Analyses
Statistical analysis was performed using Prism 6.05 (GraphPad Software Inc, San Diego, CA, USA and MedCalc Version 15.8 (MedCalc Software bvba, Ostend, Belgium). The results were considered as significant at p < 0.05. The data are presented as mean ± SD. For comparison of two variables, the Mann-Whitney U test was used. Survival time was analyzed using Kaplan-Meier curves. Overall survival was also compared using the log-rank and Gehan-Wilcoxon tests. In addition, Cox proportional hazards regression was used to compare the mortality rates between nuclear and cytoplasmic VDR-positive and negative patients, and calculated as a relative risk (Exp(b)). Relative risks were adjusted for age, gender, tumor advancement (pTa-pT2a vs. pT2b-pT4 tumors), and the presence of metastases.
Conclusions
In summary, VDR and CYP27B1 expression was down-regulated in urothelial bladder cancers in comparison to normal tissue. There was a strong relationship between VDR expression and the biology and stage of bladder cancers, with a lack of such correlation for CYP27B1. Urothelial bladder cancer progression and decrease of overall survival were linked with a reduction in VDR expression. These results have potential clinical implications in that a decreased VDR expression may predict a poorer prognosis, as demonstrated by the lower overall survival in our study. VDR expression can also be a potential prognostic marker in urothelial bladder cancer patients. The lack of correlation between VDR expression and some histological markers of malignancy such as mitotic activity and tumor grade and lack of correlation with CYP27B1 indicate a more complex role of the VDR signaling in the biology of bladder cancer that may include involvement of the new vitamin metabolites activating alternative pathways. The differences in VDR expression in bladder cancer suggest that vitamin D-based therapies may represent a promising previously unexplored strategies of bladder cancer treatment.
